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SUMMARY 

Flying qualities of a high-speed bomber with a dual 
pusher propeller aft of the empennage, computed from the 
results of vjind-tunnel teets of a l/S-scale powered models 
are presented in this report. The flying qualities are evalu- 
ated with respect to the stability and control requirements 
of the Air Technical Service Command, U.S. Army Air Forces. 

For the characteristics investigcited, the airplane has 
satisfactory flying qualities except for the following: 

(a) With aft center of gravity, low stick-^free longitu- 
dinal stability, flaps up, and possible instability, flaps 
down 

(b) High elevator control forces in landing with forward 
center of gravity 

(c) Insufficient elevator control in take-off 

(d) Low rudder-free directional stability 

INTRODUCTIOil 

Estimates of the flying qualities of a high-speed 
bomber with a dual pusher propeller aft of the empennage 
have been made. The analysis, ruade at the request of the 



MR No. A4K04 



Air Tochniccl Service Command, U.S- Arr.iy Air Forces, is 
based on the results of vind-tunncl tests of a 1/g-scale 
powered r.odel in the 7-- by.. 10-foot wind tunnel at the Ames 
Aeronr.uticrl Laboratory. The flying- qualities requirements 
of reference 1 have been used as a criterion of a satis- 
factory airplane. 

DESCRIPTION OF THE AIRPIixJE 

The airplane is a three-place light bomber • Major 
airplane dimensions are listed in table I, and a three-view 
drawing of the airplane is shown in figure 1, Figure 2 is a 
line diagrrjn of the wing, and figure 3 is a line diagram of 
the tail* The airplane is of unconventional design in that 
it has a dual pusher propeller aff of the eniponnage . Each 
set of three propeller blades is gear-driven by one of two 
engines subir.er;^:od in the fuselage • The airplane has sealed 
internal balance control surfaces (fi£:s. 2 and 3 for cross- 
sectional views), double-slotted partial-span flaps, and a 
tricycle landing gear that retracts into the fuselage. The 
snail split flap on the wing adjacent to the fuselage (fig. 2) 
operates in conjunction with the landing gear in that it is 
retracted when the gear is up and deflected to after the 
gear is extended. This linkage is necessary in order to 
provide a flap between the double-slotted flaps and the 
fuselage and still allow the double- slot ted flap to be 
opor aoO d for any position of the gear* The vertical tail 
extends both above and below the fusola£;o with the lower 
half also acting as a propeller gur^rd. 



RESULTS AND DISCUSSION 

The flying qualities of the airplane are presented 
and discussed according to the Amy Air Forces stability and 
control requirements (reference 1), Aileron control 
charricteristics were not ana.lyzed since the raodel tests did 
not include a determination of the aileron characteristics. 
The dynanic stability was not investigated since the necessary 
data were not available from v/ind-tunncl tests » 

The prototype rdrplane is equipped with an elevator nose 
balance adjustable between the limits of 0,^5ce and 0.50ce 
geometric balance corresponding to effective balances of 
O.^Ocq and O.^-^cq, respectively (as estimated by the 
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Douglas Aircraft Company). The rudder has a geometric nose 
balance of O-.^'JCx- corresponding to an effective balance of 
0,396cr, The cstinated control-surface effective balance is 
less than the airplane geometric balance because of the 
effects of cutouts for hinges, cutoffs for cover-plate ribs, 
and leakage through drainage holes. The elevator control 
forces presented herein are for 0.^^3ce effective balance 
which v;as thought to be nearly the correct balance needed for 
satisfactory control forces in accelerated flight. The 
pedal forces presented are for both 0.396cjn effective 
balance (corresponding to the airplane) and O.'^ko^ effective 
balance, which is Just about the proper balance needed for 
satisfactory pedal forces. The values of effective balance 
for which results are presented are believed to be accurate 
to within 1 percent of the control-surface chord. 

The computations of flying qualities presented herein 
are based on the assumption that all control surfaces are 
rigid and mass-balanced and tha.t no -friction exists in the 
control system. The control-system mechanical advantages 
used (given in table I) include cable stretch. 

The paragraph-numbering system of reference 1 has been 
retained in the discussion below for easy cross reference. 



Longitudinal Stability and Control 

E-lb(3) Elevator>-fixed st abi lity .- The longitudinal 
characteristics in steady flight wc're^'deternined for the 
conditions of flight defined in the following table: 
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1 

Condition 


Power 


Flaps and 

0 A or* 

Ci. w Co J. 


Gross 

we Iff lit 


Genter-of- 

gravlt]' posi- 

M.A.G. ). 


r Ig,-. 


Gllmb 


Military 


Retracted 


, 25,000 

C-_J J Www 


25 




Glide 


Zero 

thrust 
Tp = 0 


Retracted 


25; 000 

25,000 


25 
35 

: 




Approach 


50 per- 
cent 
rated 


Extended 
509 


25,000 
2^^,000 

1 £1,500 


20 
25 
35 


5 


Landing 


Zero 
thrust 

Te = 0 


Extended 
50^ 


1 25,000 
25,000 
21,500 


20 
25 

35 


5 



The results are presented as the variation of elevator 
deflection and stick force- with indicated airspeed. The 
glide condition (T^ = 0, fig, 4) \ms substituted for the 
cruise condition of the Army's requirenients (75 percent rated 
power) because this aii^plane^ being of unconventional design, 
is less stable power off than povjer on. 

Elevator-fixed stability, as shown hi' the variation of 
elevator deflection with Indicated airspeed^ exists for 
all the flight conditions investigated (figs. 4 and 5)c As 
the most aft center of gravity is at 35 ^-^^ 36 percent mean 
aerodynamic chord with flaps and gear up and flaps and 
gear down, respectively, the stick-fixed stability is such 
as to satisfy the i^rmy^s requirements. 

E-rD(3) Elevator-free stability ,- Elevator-free stability- 
exists in the climb and glide conditions (fig- 4) throughout 
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the speed range investigated^ for all speeds down to 123 miles 
per hour (0*7 .Vp^/Cjnax) • With the airplane trimmed at 3^1 miles 
per hour, which corresponds to level flight with military ^ 
power, the gradient of control-force variation with indicated 
air-speed for the aft center-of-gravity location (35 percent 
M.A.C) is low. This will tend to give inadequate control- 
centering characteristics unless some device, such as a bungee, 
is installed to increase the gradient. 

The model test results show an unstable control-force 
variation existing above 130 xiiiles per hour for the landing 
and approach conditions with the airplajie trimmed for zero 
control force at l.^Vg^ (fig. 5)# This unstable variation 
is due to a stall of the horizontal tail of the model which 
resulted in high hinge moments at the lower lift coefficients. 
(The tail angle of attack op becomes more negative as Cl 
decreases. Tail stall occurs at Cl = 1-0, flaps at 50°> 
where or = -12^.) The results of tests of an isolated tail 
surface at full-scale Reynolds numbci' indicate that the tail 
angle of attack at which the elev:/cor stalls will be more 
negative so that the instability existing between 130 and 
225 miles per hour (the limit design speed with flaps 
deflected) will be removed for ccnter-of-gravity positions 
at 20 and 25 percent mean aerodynamic chord. With the center 
of gravity at 35 percent mean aerodynamic chord, however, 
elevator-free instability will exist above approximately l60 
miles per hour. Thus the requirement for elevator-free 
stability at speeds from allowable '^jaa.x <iown to 1.2V 
for the approach condition and down to Vs^^ for the landing 
condition will be met only with the center of gravity forward 
of 25 percent moan aerodynamic chord. 



^All control forces in this report are based on model hinge 
moments obtained at a Mach number of 0.25 or less. For 
this reason the forces in figure 4- in the high-speed range 
may be somewhat in error. It is recommended that reference 
be made to the high-speed wind-tunnel tests of a model 
of this airplane discussed in reference 2. 
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E-lc(g) Elevator control-force gradient The require- 
ment "for elevator control forces in accelerated flight is one 
yof the critical requirements with regard to elevator balance." 
Control forces on the airplane in steady turning flight with 
flaps and gear retracted have been determined using a true 
speed of 3% niiles per hour at an altitude of 10,000 feet 
v;ith the propeller operating at zero thrust (T^ ^0). 
This corresponds to turns from trimmed steady level flight 
at 10^000 feet with normal rated pov/er (except for a slight 
difference in T^ vjhich has a negligible effect on the final 
result). The computed and allowable variation of force with 
acceleration is presented in figure 6 for two different gross 
weights and center-of-gravity positions. The allowable 
control-force gradients are based on a limit load factor of 
^ for gross weights up to 25,000 pounds and varying from 4- 
at 25,000 pounds to 2.67 at 35,000 pounds. 

The gradients of cpntrol force per unit normal accelera- 
tion obtained are approximately linear (fig. 6). For both 
gross weights, with the center of gravity at 25 percent mean 
aerodynamic chord, the gradient is below the allowable maxi- 
mum; with the center of gravity at 35 percent mean aerodynamic 
chord, the gradient is below the allowable minimum. Reduction 
of the effective balance to 0.^303 v/ill make the gradient 
(center of gravity at 35 percent H.A.C.) just equal to the 
allowable minimum* 

A summe^ry of the accelerated flight control-force 
gradients (fig. 7) shows the variation of control force per 
unit normal acceleration with conter-of-gravity position. 
The maneuvering neutral point (where stick- force per g = 0) 
is at 37 percent mean aerodynamic chord. Due to the closely 
balanced control surfaces, the magnitude of the induced 
effects on elevator hinge moments is small so that the center- 
of-gravity position for zero control force in turns and the 
level-flight stick-free neutral points are very nearly coin- 
cident. 

E-lc(3) Eleva t or control in landing .- The airplane 
lands Kith the flaps deflected 50^. Tests of the model in 
the presence of a ground plane for the determination of the 
landing characteristics of the airplane indicated abnormal 
lift characteristics when the flap deflection exceeded ^0^. 
Further tests at increased Reynolds number (obtained through 
increased stream turbulence) indicated the airplane lift 
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characteristics v/ill be normal with flaps deflected 50^ c In 
order to obtain an indication of the landing characteristics 
of the airplane for the full flap deflection of 50^, tests- 
were made of the model with the flaps deflected 30^ and 40^. 
These results have been converted to elevator deflection and 
control force as a function of contact speed and are presented 
in figures 8 and 9, The computations have been made for the 
combinations of gross weights and center-of -gravity positions 
listed in the following table. The resulting control forces 
and elevator deflections required to reach maximum ground 
angle have also been tabulated. 



Gross 
weight 
■ (lb) 


Center-of- 

gravity posi- 
tion (pei'cent 
M.A«G.) 


Flap . 

deflection 
(deg) 


6-e required to 

reach maximum 
ground angle 
(deg) ^ 


Control 

force at 
maximum 
ground angle 
(lb) 


21,500 


35 


30 ' 
40 


3 
4 


4 
7 


25,000 


25 


30 
40 


11 
13 


7 
27 


25,000 


20 


30 
40 


16 
19 


13 
74 



An extrapolation, of the results indicates that with full 
flap deflection of 50^ and with the center of gravity in the 
normal landing position (36 percent M^A.C) the elevator will 
be capable of holding the airplane off the ground at its maxi- 
mum ground angle without exceeding a control force of 50 
pounds. In fact, the control forces may be considered rather 
light* When the airplane is in the landing condition 
(flaps at 50^) with full forward center of gravity at 20 per- 
cent mean aerodynaraic chord, the control requirement v/ill 
be met; but the force required will be more than double the 
allowable limit of 50 pounds. 

Results of tests on an isolated tail surface at full- 
scale Reynolds number Indicated that for full flap deflec- 
tion of 500 the control forces in landing with 20 and 25 
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percert center of gravity will be in the order of 155 pounds 
and 3^ pounds, respectively. With normal landing center of 
gravity' of 35 percent rnean aerodyn^jnic chord, the control 
forces'vv^ill' be'well within the allowable 50 pounds (approx. 7 
lb ) . 

The break that occurs in the elevator-deflection curve 
for flaps at ^0^ (fig- 9) 1^ ^ue to the unstalling character- 
istics Qf the model horizontal tail. With decrease in contact 
speed, the tail angle of atrack becomes less negative and a 
resulting increase in elevator effectiveness occurs. The 
break in the controL-f orce curves on figures g and 9 occurs 
for the same reason. On figure S the tail angle of attack 
is just at the point where zhe stall progression is beginning 
to show on the hinge -moment characteristics, but the stall 
has not progressed enough to show on the elevator-effective- 
ness characteristics . 

'^t^J^DS^^ Control 
charrcteristics during the -.ake^of f " run have' been determined 
for a ranc[:e of center-of-gravity posioions corresponding to . 
those on tbe airulane from 20 to 35 Dorcent ruean aerodynamic 
chord and for gross weights of 20,000, 25/000 and 35,000 - ■ 
TDOunds. In the computstions a coefficient of rolling friction 
of 0,012 v:as used corresponding to take-off from a concrete' 
runway. The results, presented in figure 10, show the taxiing 
sr>eed'r.t which niaximum up^-elevator (25^) ^il^ raise the nose 
wineel- FroiZi this figure it is evldenu that take-off attitude 
cannot be autained at or below O.gVg^ for any gross weight or 
ca.nter-of-gravity position. With forward center of gravity 
and normal ^^;ross weight (20 percent H.A.G. and 25,000 lb), 
takc-'Off attitude can be secured only above speeds of I05 
miles per hour as compared to the speed equal to O.gVg^ of 
70.^ miles per ho^ur. The greater part of the moment which 
the elevator must overcome in order to raise the nose wheel 
is a result of the center of gravity being located so far 
forward of the main gear. The main gear is located at 
approximately 55 percent mean aerodynamic chord. 

E-l(c)(5). Elev5; t or tri mm ing, con trol.- The elevator trim 
tab is capable of reducing the elevator control force to zero 
at all speeds in level flight with flaps and gear retracted 
for any power setting or center-of-gravity position, and at 
speeds below l.^Vg., with flaps and gear extended with power 
off (Tc = 0) and forward center of gravity. Thereof ore, the 
longitudinal trimming control will satisfy the reouirem.ent of 
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reference 1, 

E-lo( 6) T ri m changes due to flaps and power.- The effect 
on trim of varying the rower and flap setting is "shown in 
figure 11. With the tab set for trim at l.^Vg^ (Vi := 123 
mph) with flaps and gear retracted, and military power, the 
change in control force at constant speed due to varying the 
power or flap sotting is within the allowable limit of 
50 pounds c Thus the requirement of reference 1 is satisfied. 



Lateral and Directional Stability and Control 

directional st abil ity.- The 
directional char rrcteristics "in steaJdy side slips^'were deter- 
mined for the following conditions of flight: 



Attitude 


Speed at 
sea level 
(mph) 


Flaps 


G-ear 


Fig. 
no . 




Zero 
thrust 


Military 
power 




129 


Up 


■Up 


12 




1.9 


Climb 




Up 


Up 


12 


l.g 


leg 




21g 


Up 


Up 


12 


l.g 


l,g 




106 


Down 


Dovm 


13 


1.4 


1,6 






50° 









The results are presented for zero thrust and milit£iry power 
as the variation of rudder deflection and pedal force v/ith 
sideslip angle. 

Rudder-fixed directional stability, as shown by the 
variation of rudder deflection xvlth sideslip angle in figures 
12 and I3, exists for any flap and power condition. The 
rudder-deflection curves obtained are linear throughout 
the side slip- angle range. For this airplane the value of 
d8r/dP is quite high, as m.ay be noted from the preceding 
table. 

E-gb(l)(c ) R udder-fr ee dirocti on al stability .- The 
variation or rudder-pedal force with sides^lip angle in 
figures 12 and I3 indicates that rudder-free stability exists 
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fop all conditions of flight investigated vi/lth 0,396ci» 
effective balance. However, the gradient of force vs side- 
slip ari^le is low with the propeller operating at zero thrust 
in the clinb condition (fig. 12) and with flaps and gear down 
(fig, 13), deduction of the effective balance to 0.54cx> will 
increase the riidder-free stability and still keep the pedal 
forces, developed in meeting the rudder-control requirements, 
within the allowable Unit of 180 pounds (as will be discussed 
later). 

E" 2b(2) Rolling moment due to sideslip (dihedral effect) . - 
A summary of the dihedral 'effect is given in the following 
tabulation which lists the stability derivative C j ' p(SC j '/So ) 
for three flight conditions: 



Attitude 


(deg) 


Flaps 


Gear 








Power 
condition 


a 


6 


Up 


Up 


-0,00157 

-.00121 
-.00130 


0.00157 

.00162 
.00185 


-1.00 

-.75 
-.71 


Propeller 

removed 
Tc = 0 
Tc = 0.46 


Clinb and 
^' • %ax 


o 
1^ 


Up 


Up 


-.00102 

-.00120 
-.00115 


.00118 

.00158 
.00171 


-.86 

-.76 
-.67 


Propeller 

renoved 
Tc = 0 
Tc = 0.2 




-1 


Down 
50° 


Down 


-.00110 

-.00122 
-.00151 


.00088 

.00125 
.00147 


-1.25 

-.98 
^1.03 


Propeller 

renoved 
Tc = 0 
Tc = 0.75 



The values of Cj'p indicate positive dihedral effect exist- 
ing for all flight conditions. 

For the purpose of comparison with other airplanes the 
table above includes values of the ratio (C^'p/Cnp)* At the 

higher speeds v/ith flaps up, the ratio for this airplane is 
approximately 0.70. 
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E-2b(3) S ide force due to sldGslip.- The variation of 
side force" v?ith angle of ''^bidosHp lias a positive slope (right 
bank accompanying right sideslip) for all flight conditions, 
as shown by the curves of angle of bank reouired in stea^dy 
sideslips in figures 12 and 13. 

E -Pc(l)(a) Rudder to ovGrcomo adve rse aileron yaiff • - 
Reference 1 requires that the rudder co^ntrcl be sufficient 
to overcome the adverse aileron yax/ in abrupt aileron rolls 
at 1.2Vs^ and 1.2Vgg, Since the model tests did not 

include measurements of the aileron characteristics, the 
adverse yaw in aileron rolls has been -estimated by the methods 
of reference 3* The computed results, given in the following 
table, show that the rudder control is sufficient to overcoine 
the maximum adverse aileron yaw with flaps and gear up. 



Condition 


Adverse 
On 


Control necessary to counteract 
adverse yaw at zero sideslip 


Rudder 

deflection 
(defi) . 


Rudder pedal force llb^ 


0.34 

effective 
balance 


i 0.396 

effective 
balance 


1,2V flaps and 

gear up, Tq = 0 

Cl-1-05, Vi=153 niph 
35,000 lb gross 
weight 


0.0121 


12 


176 




Same as above bUi; 
with military 
power 


.0121 


12 


ISO 


151 


O.yVrnax at SL, flaps 
and gear up, Tq = 0 
Cl=0.37, Vi==21g mph 
25,006 lb gross 
we ight 


.00^3 






2^ 



12 
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IvothodB of cstiiTir.tiiif;-'^ adverse yav? xvith flaps down .are not 
availacle, but ncraally the ludyler-control rortuircrnent . is 
ersier to r.eet with flaps down. Therefoi^e, the rudder control 
will everywhere be adecuate to overcome the adverse yaw 
resulting*' from an abrupt full deflection of the ailerons. The 
pedal forces required to overcome the adverse aileron yaw at 
1.2Vs^ as given in the above table are, for the critical 
speed^, just equal to the allowable lir.it of ISO pounds when 
the effective balance is With 0.396030 effective . 

balance, as on the prototype airplane, the forces are below 
the allowable lin.it, 

E-.2c(l) (b) Rudder control _in_j^^ Reference 1 

requires the rudder" corrtrol 'tb 'be^"suf f icicnt to fx^aintain 
straight ground paths in landing, in cross x-;lnd8 of up to 
0.2Vs^ at 90^ to the flight path T-Jithout exceeding a pedal 
forco^cf 160 pounds. The '^i:.axi::ui:: anyle of sideslip in cross 
winds to which the rudde,r aust be c'pablc of trin^iriing occurs 
i^hen the forward velocity "of the air is a ninimum. 
Consequently, 



Figure 15 indicates thrt at I06 miles per hour with flaps 
at 50^ and with zero thrust, about 15^ of rudder are neces- 
sary to perform the maneuver. The corresponding pedal forces 
(fig. 13) for 0.34-03. and 0.39603^ effective balance are 
62 and 53 pounds, respectively. The rudder will therefore 
bo adoouato to maintain directional control in cross-wind 
take-offs and landings without exceeding pedal forces of IgO 
pounds. 

E-2o (3) Rudder and aileron tr lnining contro l.- Trim -is 
accomplished on the rudders and ailerons by means of a spring 
trim device controllable from- the cockpit. The strength of 
the springs will determine the adequacy of the rudder and 
aileron trimming control. 



0-2Ysa 



^ tan"*^ 1 7*6 mp h 

94 mph 




landing speed 



max 



10.5^ 
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Summary Table of Estimated Flying Qualities 

A sumnary table of the flying qualities of the airplane 
is presented in figure ik. This tab].e, besides summarizing 
the above discussion, also includes the stall characteristics 
and neutral-point variation with flap and power setting. 



CONCLUSIONS 

For the conditions investigated, the airplane has the 
following flying qualities evaluated in terms"^ of thh Army 
Air Forces requirements for stability and contiol. 

1. The static longitudinal stability is adequate except 
for the following: 

(a) Low elevator-free stability exists in the climb 
and glide conditions for the aft center-of-gravity posi- 
tion (35 percent M.A.C.) with the airplane tilmi.ied 

high speed in level flight* 

(b) Elevator-free instrbility exists in the landing 
and approach conditions above I30 miles per hour which is 
traceable to a stall of the model horizontal tall in the 
wind-tunnel tests. At full-scale Reynolds number^ the 
horizontal-tail stall will occur at a greater negr?,tive 
angle of attack in which case thJ.s instability will not 
be present at speeds below 225 miles per hour (design 
^max with flaps deflected) for center-of -gravity posi- 
tions at 20 or 25 percent mean aerodynamic chord* With 
the aft center of gravity (35 percent M.h.C) elevator- 
free stability will exist at full-scale Reynolds number 
above approximately I60 miles per hour. 

2. The control-force gradient in turns will be satis- 
factorv if the elevator effective balance is adjusted 

to 0.43ce. 

3* The elevator control is sufficient to land the air- 
plane but the control force reauired with the forward center 
of gravity (20 pei?cent M.ii.C.) "and full flap deflection (500) 
is excessive. 

Take-off attitude cannot bo attairied at O-SVg for 
any gross weight or center-of-gravity position. 
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5. The elevator trim tab is adequate at all normal 
flight speeds. 

6. . Trim changes due to changes in power or flap setting 
are satisfactorily small, 

7. Directional stability, rudder fixed, is satisfactory. 
Directional stability, rudder free, vjill be satisfactory if 
the rudder effective balance is of the order of 0.3^03^- 

g. The rolling moment due to sideslip is everywhere in 
the proper direction, 

9* The side-force characteristics are satisfactory. 

10. The rudder control is adequate to overcome adverse 
aileron yet.w and to maintain straight ground paths in cross- . 
wind taike-offs and landings. 



National Advisory Committee for Aeronautics, 
Ames Aeronautical Laboratory, 
Moffett Field, Calif. 
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TABLE SPECIFICATIOIIS OF THE AIRPLAIJS 
(All dimensions in feet) 



Classification according to Army 
sioecif ications 



Engines (two - operated side by side 
for driving dual propeller) . 



Class II 
Allison 

V-1710-93 (E 11) 



&ec.r ratio O.36I 

Rrtings (each) • • • bfip/rpni/alt 



Uar emergency povrer^ 
Tr.>e--off poTjer , • , 



• • • • • 



1500/3C00/SL 
1325/3000/sL 

Military poller I325/3OOO/SL to 

1200/3000/22,500 
1050/2 600/SL to 



Ilaximura rated poiv'er, 
Propeller 

Front (r.h.) 



20,000 



Hoxiilton .Stanuarcl 
Pusher 



Rear (l.h.l 



BlacLes (3 each) 2C15B1-21!- 

Diameter. I3.167 



2Cl5B2-2i^- 
13.0 



Loading conditions 



Design. , . . , 

Attack 

Bomber 

Landing . , . . 

Tall lengths 



G-roGs vreioht 



(lb) 



C.G-. position* 
(Percent II.A.C, ] 



25,000 
2h , 000 

21,500 



45 

2^5 

62.2 
3S.g 



25 to 35 

25.5 
36 



25 percent II.A.C. of "ing to 26 percent 

H.A.C. of horizontal tail , ,^ , 19.91 

25 percent li.A.C, of T'ing to 26 percent 
i;,A.C. of vertical tail . . ^ . 20. 2S 



Over-all diniensions 



Length, 
ght. 



53.^ 

IS. 79 ft 



^■Vertical e.g. location for design condition is 6.0 percent 
nean aorod^rnanic chord above fuselage reference line or 
13.3 percent rne^.n o.erodjnanic chord belo^.r thrust line 
(assumed sasne for other conditions). 



MR No, A4K04 TABLE II 

GENERAL GEOMETRIC DII'dEHSIONS OF THE AIRPLANE 
(All dimensions in feet) 



Item 


Wing 


Horizontal 
. ..liLLL... 


Vertical 
. taitL ■ 


Area 


55^.6 


139 -28 




Span 


70.5 


25.0 


17.^ 


Mean Aerodynamic chord 


S.56 




5.29 


Aspect ratio 


g.96 






Taper ratio 


0.333 


0.51 




Geometric twist 


2.07° 

(Washout ) 






Dihedral from reference 
plane 


i+.0° 


0° 





Incidence from reference 
plane 


0 


0 


■ — 


Incidence from ctr 

JJQ 




1 




Section profile 
(constant ) 


Douglas 
C-17 


Douglas 


Douglas 
H 


Maximum percent thickness 


17.02 


13.^5 


15.55 


iRoot chord 


11.83 


7.17 


6.33 


Tip chord 


3.9^ 




i^.25* 


Percent chord line 
straight 


35 


65 


60 



■^Dimension given is for upper vertical • Lower vertical 
has irregularly shaped bumper on tip. 



MR No. A4K04 TABIE III 

MOVABLE SURFACES OF THE AIRPLAI^E 
(All dimensions in feet) 



Item 


Ailerons 


Elevators 


Rudders 


Double- 
slotted flap 


Spilt 
flap 


Upper 


Lower 


Area 










^57.96 


11.66 


Area aft 
hinge line 


o/^" "2)1 


37-50 


12.5^ 














6.25 


i^.72 


PQ PlP 


bp 

03.^12 


Percent 

balance 




0.4-5 to 
0,50 








Percent 
chord*^ 


22 


35 


H-0 


25 


3i^.7 


Percent 
span 




SI. 5 


63 


42.3 


^4.08 


Saft ^aft 


31.3^ 


71.6 


26. og I16.57 






Control 

travel 


±16° 


10° down 

25° up 


±20° 


50^ down 


11-0° 

down 


F/HM 




®o.6o 


®1.00g 






Area aft 
hinge line 
affected by 
balance 


23.72 




J 








Trim tab 
area 




3.36 














Tab travel 




IQO up 

20° down 












^^Does not include vane. 
^Measured along hinge line. 
^Measured along trailing edge, 

*^Ratio of chord aft of hinge line to total surface chord. 
®These values are for cockpit control motions which allow for 
^ cable stretch. 
^V^heel moment/hinge moment. 
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